RADIATION IMAGE STORAGE PANEL 



BACKGROUND OF THE INVENTION 
Field of the Invention 
This invention relates to a radiation image storage 
panel . This invention particularly relates to a radiation image 
storage panel provided with a stimulable phosphor layer, which 
is capable of emitting light when being exposed to stimulating 
rays . 

Description of the Related Art 
Radiation image recording and reproducing systems 
comprising radiation image recording apparatuses, radiation 
image read-out apparatuses, and the like, in which stimulable 
phosphors are utilized, have heretofore been known as computed 
radiography (CR) systems. With the CR systems, a radiation 
image of an object, such as a human body, is recorded as a latent 
image on a sheet provided with a layer of the stimulable phosphor 
(hereinafter referred to as a stimulable phosphor sheet) . The 
stimulable phosphor sheet, on which the radiation image has 
been stored, is then exposed to stimulating rays, such as a 
laser beam, which cause the stimulable phosphor sheet to emit 
light in proportion to the amount of energy stored on the 
stimulable phosphor sheet during exposure of the stimulable 
phosphor sheet to the radiation. The light emitted by the 
stimulable phosphor sheet, upon stimulation thereof, is 
photoelectrically detected and converted into an electric image 



signal . In this manner, the image signal representing the 
radiation image of the object is acquired. 

As a recording medium to be used in the radiation 
image recording and reproducing systems described above, a 
radiation image storage panel provided with a stimulable 
phosphor layer, which has been formed with a process for coating 
particles of a stimulable phosphor onto a substrate, or a 
radiation image storage panel provided with a stimulable 
phosphor layer comprising pillar-shaped crystals of a 
stimulable phosphor, which stimulable phosphor layer has been 
formed on a substrate with a vacuum evaporation process, is 
utilized. It has heretofore been known that a distribution 
of a light intensity of the emitted light, which is emitted 
from the stimulable phosphor layer of the radiation image storage 
panel when the stimulating rays are irradiated to the radiation 
image storage panel, with respect to the light radiating angle, 
at which the emitted light is radiated out from the stimulable 
phosphor layer, is biased toward a direction, which is normal 
to the surface of the stimulable phosphor layer. (The 
distribution of the light intensity of the emitted light, which 
is emitted from the stimulable phosphor layer of the radiation 
image storage panel when the stimulating rays are irradiated 
to the radiation image storage panel, with respect to the light 
radiating angle, at which the emitted light is radiated out 
from the stimulable phosphor layer, will hereinbelowbe referred 
to as the light emission angle distribution.) Figure 11 is 



an explanatory view showing a cos 9 distribution . Specifically, 
in Figure 11, Pi represents the so-called cos 9 distribution, 
wherein the relationship between a light intensity KO of the 
emitted light, which is radiated out from a stimulable phosphor 

5 layer 1 toward a direction H normal to the surface of the 

stimulable phosphor layer 1, and a light intensity k9 of the 
emitted light, which is radiated out from the stimulable phosphor 
layer 1 toward a direction making an angle 9 (i.e., at a light 
radiating angle 9) with respect to the direction H normal to 

10 the surface of the stimulable phosphor layer 1, is represented 

by the formula of k9 = KO x cos 9. As illustrated in Figure 
11, the emitted light , which is radiated out from the stimulable 
phosphor layer 1, has a light emission angle distribution 
(represented by PI' in Figure 11) that is compressed in the 

15 direction, which is normal to the direction H normal to the 

surface of the stimulable phosphor layer 1, and into an oblate 
distribution, which is flatter than the cos 9 distribution. 

The surface of the stimulable phosphor layer has 
converging effects, and therefore the emitted light, which is 

20 radiated out from the stimulable phosphor layer, has the light 

emission angle distribution described above. Specifically, 
in the cases of the stimulable phosphor layer, which is formed 
with the process for coating the particles of the stimulable 
phosphor onto the substrate, the particles of the stimulable 

25 phosphor have an approximately spherical shape, and the emitted 
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light, which has been generated within the stimulable phosphor 
layer and is radiated out through protruding regions of the 
stimulable phosphor particles protruding at the surface of the 
stimulable phosphor layer, is refracted at the surfaces of the 
protruding regions of the stimulable phosphor particles and 
is converged toward the direction, which is normal to the surface 
of the stimulable phosphor layer. Also, in the cases of the 
stimulable phosphor layer, which comprises the pillar-shaped 
crystals of the stimulable phosphor and is formed with the vacuum 
evaporation process, since the top end regions of the 
pillar-shaped crystals of the stimulable phosphor have a 
protruding shape, the emitted light, which has been generated 
at positions deeper than the protruding regions of the 
pillar-shaped crystals of the stimulable phosphor and is 
radiated out through the protruding regions, is refracted at 
the surfaces of the protruding regions, i.e, the top end regions, 
of the pillar-shaped crystals of the stimulable phosphor and 
is converged toward the direction, which is normal to the surface 
of the stimulable phosphor layer. 

In certain types of radiation image read-out 
apparatuses, a detection surface for the detection of the light 
emitted by the stimulable phosphor layer is located such that 
the detection surface stands facing the surface of the stimulable 
phosphor layer in parallel, and the light emitted by the 
stimulable phosphor layer is thus detected. The radiation image 
read-out apparatuses, wherein the detection surface is located 



in the orientation described above, is capable of efficiently 
detecting the light emitted by the stimulable phosphor layer, 
which has the light emission angle distribution wherein, as 
the light radiating angle of the emitted light becomes close 
to zero degree (i.e., close to the direction normal to the surface 
of the stimulable phosphor layer) , the light intensity of the 
emitted light becomes high. 

Also, in different types of radiation image read-out 
apparatuses for detecting the light emitted by the stimulable 
phosphor layer, the emitted light, which has been radiated out 
from the stimulable phosphor layer, is detected from a direction 
(hereinbelow referred to as the oblique direction) inclined 
with respect to the direction normal to the surface of the 
stimulable phosphor layer. In further different types of 
radiation image read-out apparatuses, the emitted light, which 
has been radiated out from the stimulable phosphor layer, is 
detected from the oblique direction, and the stimulating rays 
are irradiated to the stimulable phosphor layer from the 
direction normal to the surface of the stimulable phosphor layer, 
such that a shift in emitted light detecting position on the 
stimulable phosphor layer may be suppressed. (The irradiation 
of the stimulating rays from the direction normal to the surface 
of the stimulable phosphor layer will hereinbelow be referred 
to as the perpendicular irradiation.) (The radiation image 
read-out apparatus, wherein the emitted light is detected from 
the oblique direction, and the stimulating rays are irradiated 



to the stimulable phosphor layer from the direction normal to 
the surface of the stimulable phosphor layer, is described in, 
for example, patent literature 1) . 

In the aforesaid further different types of radiation 
image read-out apparatuses, a shift in emitted light detecting 
position on the stimulable phosphor layer is suppressed with 
the effects described below. Figure 12 is an explanatory view 
showing how an incidence position of stimulating rays upon a 
radiation image storage panel varies in cases where the 
stimulating rays are irradiated obliquely to the radiation image 
storage panel. Figure 13 is an explanatory view showing how 
an incidence position of stimulating rays upon a radiation image 
storage panel varies in cases where the stimulating rays are 
irradiated perpendicularly to the radiation image storage panel . 
Specifically, as illustrated in Figure 12, at the time at which 
the stimulating rays are irradiated to the stimulable phosphor 
layer from an oblique direction (the irradiation of the 
stimulating rays from the oblique direction will hereinbelow 
be referred to as the oblique irradiation) , and the light emitted 
by the stimulable phosphor layer is being detected, if the 
position of the stimulable phosphor layer varies vertically 
with respect to the stimulating rays, the problems described 
below will occur. More specifically, for example, if the 
position of the stimulable phosphor layer 1 varies downwardly 
with respect to stimulating rays Le as illustrated in Figure 
12, the incidence position of the stimulating rays Le upon the 



stimulable phosphor layer 1 will vary from an initial incidence 
position Jl to an incidence position J2, and a shift in emitted 
light detecting position on the stimulable phosphor layer 1 
will thus occur. However, as illustrated in Figure 13, in cases 
where the stimulating rays Le are irradiated perpendicularly 
to the stimulable phosphor layer 1, and the position of the 
stimulable phosphor layer 1 varies downwardly with respect to 
the stimulating rays Le, an initial incidence position J3 of 
the stimulating rays Le upon the stimulable phosphor layer 1 
and an incidence position J4, which occurs after the position 
of the stimulable phosphor layer 1 has varied downwardly with 
respect to the stimulating rays Le, coincide with each other, 
and therefore a shift in emitted light detecting position on 
the stimulable phosphor layer 1 does not occur. Accordingly, 
in cases where the position of the stimulable phosphor layer 
1 varies vertically with respect to the stimulating rays Le, 
and a radiation image read-out apparatus is employed, wherein 
the stimulating rays Le are irradiated perpendicularly to the 
stimulable phosphor layer 1, and wherein the light emitted by 
the stimulable phosphor layer 1 upon its exposure to the 
stimulating rays Le and radiated out from the stimulablephosphor 
layer 1 is detected with a detecting section 2, which is located 
obliquely, the operation for reading out the radiation image 
from the stimulable phosphor layer 1 is capable of being 
performed without being adversely affected by the vertical 
variation of the position of the stimulable phosphor layer 1 



to the stimulating rays Le. 

Patent literature 1: U.S. Patent 

No. 5,055,681 

However, the emitted light, which is radiated out 
from the stimulable phosphor layer, has the light emission angle 
distribution such that, as the light radiating angle becomes 
large, the light intensity becomes low. Therefore, in cases 
where th emitted light, which has been radiated out from the 
stimulable phosphor layer, is detected from the oblique 
direction, the problems occur in that the amount of the emitted 
light capable of being detected becomes small. 

The problems described above should ordinarily be 
taken into consideration regardless of the cases where the 
stimulating rays are irradiated obliquely to the stimulable 
phosphor layer, i.e. regardless of the angle of incidence of 
the stimulating rays upon the stimulable phosphor layer. 

SUMMARY OF THE INVENTION 

The primary object of the present invention is to 
provide a radiation image storage panel, wherein an amount of 
emitted light capable of being detected is prevented from 
becoming small in cases where the emitted light, which has been 
radiated out from a stimulable phosphor layer of the radiation 
image storage panel, is detected from an oblique direction. 

The present invention provides a radiation image 
storage panel, comprising a stimulable phosphor layer capable 
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of emitting light when being exposed to stimulating rays, which 
cause the stimulable phosphor layer to emit the light in 
proportion to an amount of energy stored on the stimulable 
phosphor layer during exposure of the stimulable phosphor layer 
5 to radiation, 

wherein the stimulable phosphor layer is adapted for 
radiating out the emitted light with an intensity distribution 
that is compressed in a direction, which is normal to a surface 
of the stimulable phosphor layer, and into an oblate distribution, 
10 which is flatter than a cos 0 distribution. 

The radiation image storage panel in accordance with 
the present invention may be modified such that the surface 
of the stimulable phosphor layer on a light radiating side, 
from which the emitted light is radiated out, has been sub j ected 
15 to flattening processing for flattening the surface of the 

stimulable phosphor layer such that the emitted light is radiated 
out with the intensity distribution that is compressed in the 
direction, which is normal to the surface of the stimulable 
phosphor layer, and into the oblate distribution, which is 
20 flatter than the cos 9 distribution. 

In such cases, the flattening processing may be a 
processing for polishing the surface of the stimulable phosphor 
layer on the light radiating side and thereby flattening the 
stimulable phosphor layer. Alternatively, the flattening 
25 processing may be a processing for filling a material, which 
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has a refractive index larger than 1, into depressed regions 
of the surface of the stimulable phosphor layer on the light 
radiating side and thereby flattening the stimulable phosphor 
layer . 

With the radiation image storage panel in accordance 
with the present invention, the stimulable phosphor layer is 
adapted for radiating out the emitted light with the intensity 
distribution that is compressed in the direction, which is normal 
to the surface of the stimulable phosphor layer, and into the 
oblatedistribution, which is flatter than the cos Gdistribution. 
Therefore, the emitted light is radiated out from the stimulable 
phosphor layer such that more of the light intensity components 
of the emitted light may be directed toward the oblique direction . 
Accordingly, in cases where the light emitted by the stimulable 
phosphor layer is to be detected from the oblique direction, 
the amount of the emitted light capable of being detected is 
capable of being prevented from becoming small. 

Also, as described above, the radiation image storage 
panel in accordance with the present invention may be modified 
such that the surface of the stimulable phosphor layer on the 
light radiating side, from which the emitted light is radiated 
out, has been subjected to the flattening processing for 
flattening the surface of the stimulable phosphor layer such 
that the emitted light is radiated out with the intensity 
distribution that is compressed in the direction, which is normal 
to the surface of the stimulable phosphor layer, and into the 
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oblate distribution, which is flatter than the cos 9 distribution . 
In such cases, the light converging effects occurring due to 
the shape of the surface of the stimulable phosphor layer are 
capable of being suppressed, and the emitted light is capable 
of being radiated out from the stimulable phosphor layer such 
that more of the light intensity components of the emitted light 
may be reliably directed toward the oblique direction. 

In such cases, as described above, the radiation image 
storage panel in accordance with the present invention may be 
modified such that the flattening processing is the processing 
for polishing the surface of the stimulable phosphor layer on 
the light radiating side and thereby flattening the stimulable 
phosphor layer. Alternatively, the radiation image storage 
panel in accordance with the present invention may be modified 
such that the flattening processing is a processing for filling 
the material, which has a refractive index larger than 1, into 
the depressed regions of the surface of the stimulable phosphor 
layer on the light radiating side and thereby flattening the 
stimulable phosphor layer. With each of the modifications 
described above, the light converging effects occurring due 
to the shape of the surface of the stimulable phosphor layer 
are capable of being suppressed more reliably, and the emitted 
light is capable of being radiated out from the stimulable 
phosphor layer such that more of the light intensity components 
of the emitted light may be reliably directed toward the oblique 
direction. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic sectional view showing an 
embodiment of the radiation image storage panel in accordance 
with the present invention. 

Figure 2 is a schematic sectional view showing a 
radiation image storage panel of Example 1 provided with a 
stimulable phosphor layer, whose surface has been flattened 
with a polishing process. 

Figure 3 is a schematic sectional view showing a 
radiation image storage panel of Example 2 provided with a 
stimulable phosphor layer, whose surface has been flattened 
with a process for filling an organic high-molecular weight 
material in depressed regions of the surface. 

Figure 4 is a schematic sectional view showing a 
radiation image storage panel of Example 3 provided with a 
stimulable phosphor layer, whose surface has been flattened 
with a process for laminating a PET film via a resin binder. 

Figure 5 is a schematic sectional view showing a 
radiation image storage panel of Example 4, whose surface has 
been flattened with a process for overlaying a second stimulable 
phosphor layer on a surface of a first stimulable phosphor layer 
having a depression-protrusion pattern. 

Figure 6 is a schematic sectional view showing a 
radiation image storage panel of Comparative Example 1 provided 
with a stimulable phosphor layer, whose surface has a 
depression-protrusion pattern formed with stimulable phosphor 
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particles exposed to the exterior. 

Figure 7 is a schematic sectional view showing a 
radiation image storage panel of Comparative Example 2 provided 
with a stimulable phosphor layer, whose surface has protruding 
5 regions formed with top end regions of pillar-shaped crystals. 

Figure 8 is a graph showing light emission angle 
distributions of samples, which have been prepared in 
Comparative Example 1 and Comparative Example 2, and a cos 6 
distribution, 

10 Figure 9 is a graph showing light emission angle 

distributions of samples, which have been prepared in Example 
1, Example 2, Example 3, and Example 4, and the cos 6 distribution. 
Figure 10 is a conceptual view showing how emitted 
light, which has been radiated out from a stimulable phosphor 
15 layer having been subjected to a flattening processing, is 

detected from an oblique direction. 

Figure 11 is an explanatory view showing the cos 6 
distribution. 

Figure 12 is an explanatory view showing how an 
20 incidence position of stimulating rays upon a radiation image 

storage panel varies in cases where the stimulating rays are 
irradiated obliquely to the radiation image storage panel, and 
Figure 13 is an explanatory view showing how an 
incidence position of stimulating rays upon a radiation image 
25 storage panel varies in cases where the stimulating rays are 
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irradiated perpendicularly to the radiation image storage 
panel . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention will hereinbelow be described 
in further detail with reference to the accompanying drawings. 

Figure 1 is a schematic sectional view showing an 
embodiment of the radiation image storage panel in accordance 
with the present invention. Figure 2 is a schematic sectional 
view showing a radiation image storage panel of Example 1 . 
Figure 3 is a schematic sectional view showing a radiation image 
storage panel of Example 2. Figure 4 is a schematic sectional 
view showing a radiation image storage panel of Example 3. 
Figure 5 is a schematic sectional view showing a radiation image 
storage panel of Example 4 . Figure 6 is a schematic sectional 
view showing a radiation image storage panel of Comparative 
Example 1. Figure 7 is a schematic sectional view showing a 
radiation image storage panel of Comparative Example 2 . Figure 
8 is a graph showing light emission angle distributions of 
samples, which have been prepared in Comparative Example 1 and 
Comparative Example 2, and a cos 9 distribution. Figure 9 is 
a graph showing light emission angle distributions of samples, 
which have been prepared in Example 1, Example 2, Example 3, 
and Example 4, and the cos 9 distribution. Figure 10 is a 
conceptual view showing how emitted light, which has been 
radiated out from a stimulable phosphor layer having been 
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subjected to a flattening processing, is detected from an oblique 
direction . 

With reference to Figure 1, a radiation image storage 
panel 100, which is an embodiment of the radiation image storage 
panel in accordance with the present invention, comprises a 
substrate 5 and a stimulable phosphor layer 10, which is overlaid 
on the substrate 5 and is capable of emitting light when being 
exposed to stimulating rays. A surface 11 of the stimulable 
phosphor layer 10 on a light radiating side S of the stimulable 
phosphor layer 10, from which side the emitted light K is radiated 
out, has been subjected to flattening processing for flattening 
the surface 11 of the stimulable phosphor layer 10 such that 
the emitted light K is radiated out with an intensity 
distribution (represented by P2 in Figure 2) that is compressed 
in the direction, which is normal to the surface 11 of the 
stimulable phosphor layer 10, and into an oblate distribution, 
which is flatter than the cos 9 distribution. 

Examples of the stimulable phosphor layers having 
been subjected to the flattening processing will be described 
hereinbelow. 

[1] Firstly, first flattening processing, wherein 

protruding regions of a depression-protrusion pattern formed 
on the surface of the stimulable phosphor layer are polished, 
and the surface of the stimulable phosphor layer is thereby 
flattened, will be described hereinbelow. 
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Example 1 

A radiation image storage panel of Example 1 comprises 
a glass substrate, which acts as the substrate, and a stimulable 
phosphor layer, which has been formed with a process for 
performing first flattening processing on pillar-shaped 
crystals of a stimulable phosphor having been formed on the 
glass substrate. 

A glass substrate, on which a stimulable phosphor 
was to be deposited with a vacuum evaporation technique, and 
a stimulable phosphor raw material acting as a deposition 
material were located at predetermined positions within a vacuum 
chamber of a vacuum evaporation apparatus . The glass substrate 
and the stimulable phosphor raw material were thus located one 
above the other so as to stand facing each other. The vacuum 
chamber was then evacuated to a vacuum of IxlO'^Pa. Thereafter, 
an Ar gas was introduced into the vacuum chamber, and the vacuum 
within the vacuum chamber was thus set at 0.8Pa. The glass 
substrate having been located within the vacuum chamber was 
then heated to a temperature of 100°C by use of a heat source 
constituted of a lamp heater located on the evaporated material 
receiving side . Thereafter, the depositionmaterial was heated 
and evaporated with resistance heating. The deposition 
material was thus deposited on the glass substrate at a rate 
of lOnm/minute. In this manner, a stimulable phosphor layer 
(layer thickness: 450^im, area: lOcmxlOcm) was formed on the 
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glass substrate . The stimulable phosphor layer had a structure, 
in whichpillar-shaped crystals of the stimulable phosphor stood 
close to one another and approximately perpendicularly. A 
surface of the thus formed stimulable phosphor layer had a 
depression-protrusion pattern, in which protruding regions at 
top ends of the pi liar- shaped crystals were arrayed . Thereafter, 
the protruding regions at the surface of the stimulable phosphor 
layer were polished. In this manner, as illustrated in Figure 
2, a radiation image storage panel lOOA comprising a glass 
substrate 5A and a stimulable phosphor layer lOA, which had 
been overlaid on the substrate 5A and was composed of 
pillar-shaped stimulable phosphor crystals 3A, 3A, . . . , and 
which had the surface flattened with the polishing process, 
was obtained. 

[2] Secondly, second flattening processing, wherein a 

material having a refractive index larger than 1 is filled into 
depressed regions of a depression-protrusion pattern formed 
on the surface of the stimulable phosphor layer, and the surface 
of the stimulable phosphor layer is thereby flattened, will 
be described hereinbelow. 

Example 2 

A radiation image storage panel of Example 2 comprises 
a substrate and a stimulable phosphor layer, which has been 
formed with a process for coating stimulable phosphor particles 
onto the substrate and thereafter performing second flattening 
processing. 
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Stimulable phosphor particles and a binder, which 
comprised an organic high-molecular weight material, were mixed 
together such that the weight ratio of the stimulable phosphor 
particles to the binder might fall within the range between 
approximately 30:1 and approximately 10:1. The resulting 
mixture was coated onto a substrate, and a stimulable phosphor 
layer was thus formed. In this case, since the proportion of 
the binder was small, the stimulable phosphor particles were 
exposed on the surface of the stimulable phosphor layer and 
constituted protruding regions, and a depression-protrusion 
pattern was thus formed on the surface of the stimulable phosphor 
layer. A solution containing an organic high-molecular weight 
material (e.g., an acrylic resin or a urethane resin capable 
of acting as a binder and having a refractive index of 
approximately 1.5), which had a refractive index larger than 
the refractive index of air, i.e. a refractive index larger 
than 1, was then coated onto the stimulable phosphor layer 
described above, and a layer of the organic high-molecular weight 
material having a thickness of 30nm was thereby formed on the 
stimulable phosphor layer described above. In this manner, 
the second flattening processing for filling the organic 
high-molecular weight material, which acted as the material 
having a refractive index larger than 1, into the depressed 
regions of the depression-protrusion pattern formed on the 
surface of the stimulable phosphor layer described above was 
performed. In the manner described above, as illustrated in 
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Figure 3, a radiation image storage panel lOOB comprising a 
substrate 5B and a stimulable phosphor layer lOB, which had 
been overlaid on the substrate 5B, and which had the surface 
flattened with an organic high-molecular weight material layer 
4B, was obtained. 

Example 3 

A radiation image storage panel of Example 3 comprises 
a glass substrate, which acts as the substrate, and a stimulable 
phosphor layer, which has been formed with a process for 
performing the second flattening processing on pillar-shaped 
crystals of a stimulable phosphor having been formed on the 
glass substrate. 

A glass substrate, on which a stimulable phosphor 
was to be deposited with a vacuum evaporation technique, and 
a stimulable phosphor raw material acting as a deposition 
material were located at predetermined positions within a vacuum 
chamber of a vacuum evaporation apparatus . The glass substrate 
and the stimulable phosphor raw material were thus located one 
above the other so as to stand facing each other. The vacuum 
chamber was then evacuated to a vacuum of lxlO"^Pa . Thereafter, 
an Ar gas was introduced into the vacuum chamber, and the vacuum 
within the vacuum chamber was thus set at 0.8Pa. The glass 
substrate having been located within the vacuum chamber was 
then heated to a temperature of 100°C by use of a heat source 
constituted of a lamp heater located on the evaporated material 
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receiving side . Thereafter, the deposition material was heated 
and evaporated with resistance heating. The deposition 
material was thus deposited on the glass substrate at a rate 
of lOnm/minute . In this manner, a stimulable phosphor layer 
(layer thickness: 450^m, area: lOcmxlOcm) was formed on the 
glass substrate . The stimulable phosphor layer had a structure, 
in whichpillar-shaped crystals of the stimulable phosphor stood 
close to one another and approximately perpendicularly. A 
surface of the thus formed stimulable phosphor layer had a 
depression-protrusion pattern, in which protruding regions at 
top ends of the pillar-shaped crystals were arrayed. Thereafter, 
a PET film having a film thickness of 12im was laminated with 
the surface of the stimulable phosphor layer via a resin binder. 
The resin binder, which acted as the material having a refractive 
index larger than 1, was thus filled into the depressed regions, 
which were located between the protruding regions formed at 
the top ends of the pillar-shaped crystals. In this manner, 
as illustrated in Figure 4, a radiation image storage panel 
lOOC comprising a glass substrate 5C and a stimulable phosphor 
layer IOC, which had been overlaid on the substrate 5C, and 
which had the surface flattened with the process for laminating 
a PET film 7C via a resin binder 6C, was obtained. 

Example 4 

A radiation image storage panel of Example 4 comprises 
a glass substrate, which acts as the substrate, and a stimulable 
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phosphor layer, which has been formed with a process for 
performing the second flattening processing on pillar-shaped 
crystals of a stimulable phosphor having been formed on the 
glass substrate - 

A glass substrate (i.e., the substrate), on which 
a stimulable phosphor was to be deposited with a vacuum 
evaporation technique, and a stimulable phosphor raw material 
acting as a deposition material were located at predetermined 
positions within a vacuum chamber of a vacuum evaporation 
apparatus. The glass substrate and the stimulable phosphor 
raw material were thus located one above the other so as to 
stand facing each other . The vacuum chamber was then evacuated 
to a vacuum of IxlO'^Pa. Thereafter, an Ar gas was introduced 
into the vacuum chamber, and the vacuum within the vacuum chamber 
was thus set at 0.8Pa. The glass substrate having been located 
within the vacuum chamber was then heated to a temperature of 
100°C by use of a heat source constituted of a lamp heater located 
on the evaporated material receiving side. Thereafter, the 
deposition material was heated and evaporated with resistance 
heating. The deposition material was thus deposited on the 
glass substrate at a rate of lOnm/minute. In this manner, a 
first stimulable phosphor layer (layer thickness : 450|jm, area: 
lOcmxlOcm) was formed on the glass substrate. The first 
stimulable phosphor layer had a structure, in which 
pillar-shaped crystals of the stimulable phosphor stood close 
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to one another and approximately perpendicularly. A surface 
of the thus formed first stimulable phosphor layer had a 
depression-protrusion pattern, in which protruding regions at 
topends of the pillar-shaped crystals were arrayed. Thereafter, 
the output of the lamp heater was raised such that the temperature 
of the glass substrate became equal to 300°C, the vacuum within 
the vacuum chamber was set at IxlO'^^Pa, and a stimulable phosphor 
was deposited to a layer thickness of 20|am with the vacuum 
evaporation technique on the surface of the first stimulable 
phosphor layer, which had been formed in the manner described 
above. The stimulable phosphor, which acted as the material 
having a refractive index larger than 1, was thus filled into 
the depressed regions of the depression-protrusion pattern, 
and a second stimulable phosphor layer was thereby formed on 
the first stimulable phosphor layer. In this manner, as 
illustrated in Figure 5, a radiation image storage panel lOOD 
comprising a glass substrate 5D and a stimulable phosphor layer 
lOD, which had been overlaid on the substrate 5D, and which 
had the surface flattened with the process for laminating a 
second stimulable phosphor layer 8D with the surface of a first 
stimulable phosphor layer 9D having the depression-protrusion 
pattern, was obtained. 

[3] A radiation image storage panel provided with a 

stimulable phosphor layer, whose surface has not been subjected 
to flattening processing, will be described hereinbelow. 
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Comparative Example 1 

A radiation image storage panel of Comparative 
Example 1 comprises a substrate and a stimulable phosphor layer, 
which has been formed with a process for coating stimulable 
phosphor particles onto the substrate. 

Stimulable phosphor particles and a binder, which 
comprised an organic high-molecular weight material , were mixed 
together such that the weight ratio of the stimulable phosphor 
particles to the binder might fall within the range between 
approximately 30:1 and approximately 10:1. The resulting 
mixture was coated onto a substrate, and a stimulable phosphor 
layer was thus formed. In this case, since the proportion of 
the binder was small, the stimulable phosphor particles were 
exposed on the surface of the stimulable phosphor layer and 
constituted protruding regions, and a depression-protrusion 
pattern was thus formed on the surface of the stimulable phosphor 
layer. In this manner, as illustrated in Figure 6, a radiation 
image storage panel lOOE comprising a substrate 5E and a 
stimulable phosphor layer lOE, which had been overlaid on the 
substrate 5B, and which had the surface provided with the 
protruding regions of stimulable phosphor particles 3E, 3E, 
was obtained. 

Comparative Example 2 
A radiation image storage panel of Comparative 
Example 2 comprises a glass substrate, which acts as the 
substrate, and a stimulable phosphor layer, which has been formed 
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on the glass substrate, and which is composed of pillar-shaped 
crystals of a stimulable phosphor. 

A glass substrate acting as the substrate, on which 
a stimulable phosphor was to be deposited with a vacuum 
evaporation technique, and a stimulable phosphor raw material 
acting as a deposition material were located at predetermined 
positions within a vacuum chamber of a vacuum evaporation 
apparatus. The glass substrate and the stimulable phosphor 
raw material were thus located one above the other so as to 
stand facing each other . The vacuum chamber was then evacuated 
to a vacuum of lxlO""^Pa. 

Thereafter, the glass substrate having been located 
within the vacuum chamber was then heated to a temperature of 
100°C by use of a heat source constituted of a lamp heater located 
on the evaporated material receiving side. Thereafter, the 
deposition material was heated and evaporated with resistance 
heating. The deposition material was thus deposited on the 
glass substrate at a rate of lOjim/minute . In this manner, a 
stimulable phosphor layer (layer thickness: SOOum, area: 
lOcraxlOcm) was formed on the glass substrate. The stimulable 
phosphor layer had a structure, in which pillar-shaped crystals 
of the stimulable phosphor stood close to one another and 
approximately perpendicularly. A surface of the thus formed 
stimulable phosphor layer had a depression-protrusion pattern, 
in which protruding regions at top ends of the pillar-shaped 
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crystals were arrayed. In this manner, as illustrated in Figure 
1, a radiation image storage panel lOOF comprising a glass 
substrate 5F and a stimulable phosphor layer lOF, which had 
been overlaid on the substrate 5F, and which had the surface 
provided with the depression-protrusion pattern of arrayed 
protruding regions at top ends of pillar-shaped crystals 3F, 
3F, . . was obtained. At the time of the vacuum evaporation 
of the stimulable phosphor onto the substrate, two deposition 
materials may be utilized, and dual vacuum evaporation may 
thereby be performed. 

[4] Results of experiments conducted in order to measure 

light emission angle distributions of emitted light, which is 
radiated out from the radiation image storage panels having 
been formed in Examples 1, 2, 3, and 4 and Comparative Examples 
1 and 2, will be described hereinbelow. 

A laser beam, which acted as the stimulating rays, 
was irradiated perpendicularly to each of samples of the 
radiation image storage panels having been formed in Examples 
1, 2, 3, and 4 and Comparative Examples 1 and 2, and the light 
emission angle distribution of the emitted light, which was 
radiated out from the surface of each of the samples of the 
radiation image storage panels. 

In each of Figure 8 and Figure 9, the light intensity 
of the emitted light is plotted on the vertical axis, and the 
light radiating angle of the emitted light, which is radiated 
out from the stimulable phosphor layer, is plotted on the 
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horizontal axis . Also, the light intensity of the emitted light , 
which is radiated out at a light radiating angle of zero degree, 
is taken as a reference light intensity (having a value of 1.0) . 
As illustrated in Figure 8, the light emission angle distribution 
of each of the samples having been formed in Comparative Examples 
1 and 2, which samples have not been subjected to the flattening 
processing, approximately coincides with the cos 9 distribution. 
However, as illustrated in Figure 9, the light emission angle 
distribution of each of the samples having been formed in 
Examples 1, 2, 3, and 4, which samples have been subjected to 
the flattening processing, is an intensity distribution that 
is compressed in the direction, which is normal to the surface 
of the stimulable phosphor layer, and into the oblate 
distribution, which is flatter than the cos 6 distribution. 
The light emission angle distribution of the sample having been 
formed in Example 1 and the light emission angle distribution 
of the sample having been formed in Example 3 were approximately 
identical with each other. Therefore, in Figure 9, the light 
emission angle distribution of the sample having been formed 
in Example 1 and the light emission angle distribution of the 
sample having been formed in Example 3 are indicated as being 
identical with each other. 

Figure 10 schematically shows detection means for 
detecting the emitted light in a radiation image read-out 
apparatus. Specifically, with the detection means in the 



26 



radiation image read-out apparatus, the radiation image storage 
panel provided with the stimulable phosphor layer, which has 
been subjected to the flatteningprocessing, is employed. Also, 
the stimulating rays are irradiated perpendicularly to the 
stimulable phosphor layer, and the emitted light, which has 
been radiated out from the stimulable phosphor layer, is detected 
from oblique directions. In this manner, the amount of the 
emitted light capable of being detected is prevented from 
becoming small. Further, in cases where the position of the 
stimulable phosphor layer with respect to the stimulating rays 
varies vertically, a shift in incidence position of the 
stimulating rays upon the stimulable phosphor layer is capable 
of being suppressed. 

With reference to Figure 10, detection means 90 
comprises a stimulating ray irradiating section 83 and line 
sensors 85, 85. The stimulating ray irradiating section 83 
is located above a stimulable phosphor layer 80 of a radiation 
image storage panel 7 9, on which a radiation image has been 
stored, and irradiates linear stimulating rays Le 
perpendicularly to the stimulable phosphor layer 80. The line 
sensors 85, 85 extend linearly (i.e., in a main scanning 
direction) and detect the emitted light K, which has been 
radiated out from the stimulable phosphor layer 80 when the 
stimulating rays Le are irradiated to the stimulable phosphor 
layer 80. The line sensors 85, 85 are located obliquely with 
respect to the optical path of the stimulating rays Le, which 
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are irradiatedperpendicularly to the stimulable phosphor layer 
80. Also, the line sensors 85, 85 are located symmetrically 
with respect to the optical path of the stimulating rays Le. 

The stimulating ray irradiating section 83 comprises 
a plurality of semiconductor lasers 81, 81, which are 

arrayed along the main scanning direction, and a lens 82, which 
extends along the main scanning direction. The stimulating 
rays Le, which have been radiated out from the semiconductor 
lasers81, 81, are convergedby the lens 82, and the converged 

stimulating rays Le are irradiated perpendicularly to a linear 
region R of the radiation image storage panel 79. 

Each of the line sensors 85, 85 comprises a lens 
section 8 5 provided with a plurality of distributed index lenses, 
which are arrayed along the main scanning direction. The 
•plurality of the distributed index lenses form an image of the 
linear region R of the stimulable phosphor layer 80 on a light 
receiving surface of a line CCD image sensor 88, which will 
be described later. Each of the line sensors 85, 85 also 
comprises a stimulating ray cut-off filter 87 for filtering 
out the stimulating rays Le and transmitting only the emitted 
light K, which has passed through the lens section 86. Each 
of the line sensors 85, 85 further comprises the line CCD image 
sensor 88 for detecting the emitted light K, the image of which 
has been formed by the lens section 86. 

As described above, the light emission angle 
distribution of the emitted light K, which has been radiated 
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out from the stimulable phosphor layer 80 when the linear 
stimulating rays Le are irradiated perpendicularly to the 
stimulable phosphor layer 80, is the intensity distribution 
(indicatedby P3 in Figure 10) that is compressed in the direction, 
which is normal to the surface of the stimulable phosphor layer 
80, and into the oblate distribution, which is flatter than 
the cos 9 distribution. Therefore, the emitted light K is 
capable of being efficiently detected with the two line sensors 
85, 85, which are located so as to detect the emitted light 
K from the obligue directions with respect to the stimulable 
phosphor layer 80. While the emitted light K is being detected 
by the line sensors 85, 85, the radiation image storage panel 
79 is moved in a sub-scanning direction, which intersects with 
the main scanning direction. In this manner, the region of 
the stimulable phosphor layer 80 is scanned in two-dimensional 
directions with the stimulating rays Le. In accordance with 
the emitted light K, which has been radiated out from the 
stimulable phosphor layer 80 during the scanning with the 
stimulating rays Le, the radiation image having been stored 
on the stimulable phosphor layer 80 is read out. 

The processing for setting such that the emitted light 
is radiated out from the stimulable phosphor layer with the 
intensity distribution that is compressed in the direction, 
which is normal to the surface of the stimulable phosphor layer, 
and into the oblate distribution, which is flatter than the 
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COS 9 distribution, is not limited to the flattening processing 
and may be any of other processes capable of setting such that 
the emitted light is radiated out from the stimulable phosphor 
layer with the intensity distribution that is compressed in 
the direction, which is normal to the surface of the stimulable 
phosphor layer, and into the oblate distribution, which is 
flatter than the cos 9 distribution. 

Also, in the embodiments described above, the emitted 
light, which has been radiated out from the stimulable phosphor 
layer when the linear stimulating rays are irradiated to the 
stimulable phosphor layer, is detected with the line sensors. 
Alternatively, for example, a radiation image read-out 
apparatus maybe utilized, wherein the stimulable phosphor layer 
is scanned with point-shaped stimulating rays along the main 
scanning direction, the light having thus been emitted by the 
stimulable phosphor layer is collected by light guide members, 
which are located in the oblique directions, and the thus 
collected light is detectedby photomultipliers . In cases where 
the radiation image storage panel in accordance with the present 
invention is employed in the radiation image read-out apparatus 
described above, the same effects as those described above are 
capable of being obtained. 
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